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ABSTRACT
In this note we present an analysis of the leptonic decay modes of 
the K-meson in terms of a four-parameter representation of the two form 
factors F1( q2) and F3(q2) which describe the matrix element of the 
vector current of the weak interactions, < π |Vα | K >. Such a representa- 
tion, while general enough to take account of the violation of the 
ΔΙ = 1/2 rule and the possible existence of two resonances in the K-π 
system, no longer permits unique predictions for the ratio of the electron 
to muon decay rate, or of the pion spectrum. We therefore suggest that 
experiments be carried out to determine the four unknown parameters, and 
theoretical attention be turned to relating these parameters to measurable 
quantities occurring in related processes.
Various other treatments of this problem which have appeared are 
obtained as special cases of the present treatment.
ACKNOWLEDGMENTS
The authors wish to thank Professor Murray Gell-Mann for several 
interesting and helpful conversations concerning this problem.
-2-
According to the analysis of Bernstein, Fubini, Gell-Mann, and
Thirring,1) and of Kuang-Chao,2) the Goldberger-Treiman relation3) can be
understood as a consequence of the following assumptions: (a) that the 
divergence of the axial vector current in β-decay is a highly non-singular 
operator, in the sense that its matrix elements obey unsubtracted disper­
sion relations, and (b) that these dispersion relations are dominated by 
the pion pole, at low momentum transfer.
The comparative success of this hypothesis invites its further 
application in the study of weak interactions. It would seem that the 
decay of a kaon into a pion plus leptons would provide a suitable process
for this purpose. As has been pointed out by Bernstein and Weinberg4) in 
the course of their discussion of a possible scalar resonance in the K-π 
system, the application of postulates of the type (a) and (b) above, lead 
in this case to clear-cut predictions of the branching ratio of muons to 
electrons and of the spectrum of the final state pion.
An I = 1/2 resonance in the K-π system has been discovered5) at 
880 MeV. Correlations in the production process led to the conclusion 
that it is vector. Assuming this, we call it the M-meson in conformity 
with Gell-Mann's terminology.6) In view of the existence of this reso­
nance, the idea of deriving a Goldberger-Treiman type formula for the 
decay K → π + ℓ + ν appeared sensible. Such a formula was obtained, 
assuming the dominance of the M-meson. However, no satisfactory agreement 
with experiment was obtained on the basis of this assumption. It led to 
the prediction that the form factor in the electron decay vanishes at the 
maximum pion energy; this behavior appears incompatible with the results
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of Brown et al.7) in the case of K+e3 decay, and of Luers et al.8) for Ko2 
decay. Moreover, it was found that the branching ratio of muons to elec­
trons is ~ 3 : 5, in disagreement with the value 1.0 ± 0.2 found by 
Roe et al.9) for K+ decays and the value 0.79 ± 0.19 found by Luers
et al.8) for Ko2 decays. Our theoretical results are in substantial agree­
ment with those found by H. Chew.10)
Aside from the shortcomings noted above, an analysis based on the 
dominance of the M-pole in both the K+ and Ko2 decays is vitiated if the 
ΔΙ = 1/2 rule is not satisfied. That this is actually the case is indi­
cated by the recent work of Ely et al.,11) who report the violations of 
the ΔS = ΔQ rule, and therefore also of the ΔΙ = l/2 rule, in the Ke3 
decay of neutral kaons.
Finally, very recent evidence12) points to the existence of another 
resonance in the K-π system, and correlations in production at 880 Mev are 
disappearing as further statistics become available.
These circumstances force us to abandon the hope of using success­
fully a generalized Goldberger-Treiman relation in this problem. We pre­
sent in this paper an analysis of these decays in terms of a more general 
formula involving four undetermined parameters. Such an analysis does not 
lead to definite predictions for experimental quantities, rather we suggest 
that experimental determinations of the parameters be carried out for the 
purpose of pinning down the structure of a successful theory of these 
decays.
In this problem only the vector current of the weak interactions 
enters, because the K is treated as pseudoscalar. We shall write for the
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T-matrix,
(1)
with the current expressed in terms of form factors as:
(2)
In Eq. (2), PK and Pπ are the four-momenta of the K and π , and
q = Pπ - PK . In the rest frame of the K, the decay rate is
(3)
where
(4)
and
(5)
Note that for electron decays, only the form factor F12 is likely to enter,
because mℓ2 is such a small factor.
Since -6.6 mπ2 < q2 <  0, while the threshold for the K-π system is
q2 = -20.7, we propose that the experimental data on the spectrum be 
analyzed on the basis of the following linearized expressions for the
-5-
form factors,13)
(6)
(7)
In terms of these expressions we find the following formulae for the decay 
rates (given in units of the mass of the charged pion):
(8)
(9)
There are no convincing theoretical arguments for the elimination 
of any of the parameters in the form factors. We propose that experimen­
tal data be analyzed so as to determine the constants A, B, C, and D, and 
that future theoretical studies be aimed at relating these parameters to 
measurable quantities entering into other strong and weak interaction 
processes.
In conclusion, we wish to obtain some information about A, B, C, 
and D by analyzing existing data.
For this purpose, we suppose that the constant terms dominate the 
form factors. We may then express the ratio of rates as
(12)
in terms of a parameter
(13)
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In the case of K+ decay, this ratio 1.0 ± 0.2 gives either
-8.7 ∓ 1.0 or +2.1 ± 1.0 for ξ. Recent experiments by J. M. Dobbs
et al.14) indicate that ξ = -8.7 ∓ 1.0, while those of J. L. Brown
et al.15) support the opposite conclusion. One convenient measure of the 
ratio -C/A follows from a determination of the pion spectrum in Ke3 
decay. Early measurements7) give -0.05 < -C/A < 0.25. For the neutral 
kaon, one finds for ξ either -7.5 ∓ 1.4 or 1.0 ± 1.4, while the data 
of Luers et al.8) indicate that16) 0 < -C/A < 0.20. Finally, we note 
that when the ratios are accurately fixed, the magnitude of the parameters 
A, B, C, and D may be found from the decay rates.
-7-
REFERENCES
1. J. Bernstein, S. Fubini, M. Gell-Mann, and W. Thirring, Nuovo Cimento 
17, 757 (1960).
2. Chou Kuang-Chao, J. Exptl. Theoret. Phys. (USSR) 39, 703 (1960); 
translation: JETP 12, 492 (1962).
3. M. L. Goldberger and S. B. Treiman, Phys. Rev. 110, 1478 (1958).
4. J. Bernstein and S. Weinberg, Phys. Rev. Letters 5, 481 (1960).
5. M. Alston, L. W. Alvarez, P. Eberhard, M. L. Good, W. Graziano,
Η. K. Ticho, and S. G . Wojicki, Phys. Rev. Letters 6, 481 (1960).
6. M. Gell-Mann, Phys. Rev, 125, 1067 (1962).
7. J. L. Brown, J. A. Kodyk, G. H, Trilling, R. T. Van de Walle, B. P. 
Roe, and D. Sinclair, Phys. Rev. Letters 7, 423 (1961).
8. D. Luers, I. S. Mittra, W. J. Willis, and S. S. Yamamoto, Phys. Rev. 
Letters 7, 255 (1961).
9. B. P. Roe, D. Sinclair, J. L. Brown, D. A. Glaser, J. A. Kodyk, and 
G. H. Trilling, Phys. Rev. Letters 7, 346 (1961).
10. H. Chew, Phys. Rev. Letters 8, 297 (1962).
11. R. P. Ely, W. M. Powell, H. White, M. Baldo-Cealin, E. Calimani,
S. Ciampolillo, 0. Fabbri, F. Farini, C. Filippi, H. Huzita,
G. Miari, U. Camarini, W. F. Fry, and S. Natali, Phys. Rev. Letters 
8, 132 (1962).
12. G. Alexander, G. R. Kalbfleisch, D. H. Miller, and G. A. Smith, 
Phys. Rev. Letters 8, 447 (1962).
-8-
13. A similar analysis has been given by M. Gell-Mann in his lectures 
given at the Bangalore Institute of Physics, Bangalore, India, 
July 1961.
14. J. M. Dobbs, K. Lande, A. K. Mann, K. Reibel, F. J. Sciulli, H. Uta, 
D. H. White, and K. K. Young, Phys. Rev. Letters 8, 295 (1962).
15. J. L. Brown, J. A. Kadyk, G. H. Trilling, R. T. Van de Walle, B. P. 
Roe, and D. Sinclair, Phys. Rev. Letters 8, 450 (1962).
16. In connection with this result, it is of interest to note that the 
effect of an intermediate boson in the theory of weak interactions 
is indistinguishable from the effect of the form factors.

